When intact roots of lentil (Lens culinaris Med.) are subjected to severe osmotic stress by treatment with a solution of low water potential, they imediately begin to shrink. Within 10 to 15 minutes, shrinkage ceases, and within 20 minutes, the roots resume growth. The (22) found that roots of potted maize seedlings continued to grow in spite of water stress imposed by allowing the soil to dry. In this case the maintenance of growth was correlated with an accumulation of solutes in the elongating regions of the roots. The present study was undertaken to determine the short term kinetics of growth adaptation in stressed roots of intact lentil seedlings and to determine whether short term maintenance of growth in stressed roots is correlated with changes in solute potential of the roots.
In plants, growth is most commonly equated with an irreversible increase in volume. The driving force for cell expansion apparently is the turgor pressure that develops within the cell (19) . It is well documented that the turgor required to drive expansion is substantially greater than zero (2, 20) . The maximum turgor at which growth will not occur in a metabolically active cell has been called the yield turgor (14, 17) or the yield stress and is represented as Y in equation 1.
The actual driving force behind cell expansion may be taken as that portion of turgor (P) greater than the yield stress. Green et aL (8) have proposed the following relation for the instantaneous description of growth rate: dV/dt=m(P-Y) for P>= Y (1) where dV/dt is the rate of volume expansion, m is the plastic extensibility coefficient of the cell, and (P -Y) is the driving force. Since, under normal conditions, Y is believed to be only slightly less than P (6, 8) , the actual driving force (P -Y) is small. Accordingly, a small reduction in turgor would be expected to cause a disproportionately large initial inhibition of growth. This has been observed in several studies. Boyer (1) showed that the rate of leaf enlargement in soybean can be reduced to 25% of the control value by a two bar decrease in the external water potential. Similar results were reported for Nitella (6, 18) and for soybean hypocotyl (16 (12) . stops growth. However, growth resumes within 15 min, apparently by a compensatory drop in yield stress (8) . There are other reports that turgor reduction results in only a transitory inhibition of growth (5, 9, 21) . In long term experiments, Sharp and Davies (22) found that roots of potted maize seedlings continued to grow in spite of water stress imposed by allowing the soil to dry. In this case the maintenance of growth was correlated with an accumulation of solutes in the elongating regions of the roots. The present study was undertaken to determine the short term kinetics of growth adaptation in stressed roots of intact lentil seedlings and to determine whether short term maintenance of growth in stressed roots is correlated with changes in solute potential of the roots.
MATERIALS AND METHODS
Plant Material. Lentil seeds (Lens culinaris Med.) were spread over coarse vermiculite in 19.5 x 9.5 x 9.0 cm plastic trays and watered with 350 ml demineralized water (pH 6.5). The covered seed trays were exposed to a 16 to 8 h light to dark photoperiod in a controlled environment growth chamber. Light was provided by a mixture of fluorescent and incandescent bulbs (10:1 ratio) at an intensity of 250 ± 50 ILE/m2 *s. The temperature of the growth chamber was 25 to 20 C, with 55% RH, for the light to dark exposure. Seedlings utilized in all experiments were 65 ± 3 h old, from the time of planting, with straight primary roots 2.5 ± 0.5 cm in length.
Measurement of Root Growth. Root elongation was used as an approximation of over-all root enlargement. Elongation was monitored using an angular position sensor transducer adapted for linear displacement (3, 10) . Growth curves presented are tracings of representative experimental curves.
Exposure to Osmotic Stress. For examination of the effects of low external water potentials on root growth, intact lentil seedlings were mounted in a root growth chamber and the root was immersed in continuously oxygenated half strength Meyer's nutrient solution (15) . All experiments were performed under ambient room lighting (about 70 uE/m2.s from cool-white fluorescent bulbs) at a room temperature of 25 ± 2 C. Effects of osmotically induced stress were examined by exchanging the pretreatment solution for the osmotic test solution. All osmotic solutions were prepared with half strength Meyer's nutrient solution as solvent (pH 6.5).
Mannitol solutions were made as molar concentrations, while PEG 40002 solutions were prepared as (w/w)% (weight PEG/ weight final solution) concentrations.
Osmotic Potential Determinations. For determination of the time course of the effect of low external water potential on the osmotic potential of roots, seedlings were transferred from halfstrength Meyer's solution to solutions containing either mannitol 2Abbreviations: PEG 4000, polyethylene glycol, average molecular weight 4000; DNP, dinitrophenol. 244 or PEG 4000, for predetermined time periods. All solutions were continuously oxygenated during and prior to use. At the end of the osmotic treatment the seedlings were removed from the solution of low water potential and frozen in liquid N2.
The internal osmotic potential of lentil roots was approximated as the osmotically active solute concentration of the sap expressed from frozen-thawed roots (23) ically treated lentil roots were also examined. Although the absolute concentration of solutes in extracts from apical segments of untreated roots was lower than that of whole root samples (318 mosmolal versus 340 mosmolal), no significant differences were observed in the time dependent changes of apparent solute concentration in osmotically stressed apical sections versus whole roots.
The apparent increase of internal solute content in roots exposed to 0.3 M mannitol also occurred in roots which had been pretreated with 2 mm KCN, although the time period of the increase was prolonged and the increase was smaller than for uninhibited roots (Fig. 4) . The apparent solute concentration of cyanide-inhibited roots increased to 350 mosmolal (-8.6 bars) during the first 2 min of exposure to osmoticum and attained a concentration of 396 mosmolal (-9.7 bars) after 20 min.
Return to Pretreatment Conditions. In some experiments, roots were returned to pretreatment osmotic conditions following their adaptation to a low external water potential and the resulting osmotic swelling and growth ofthe root was recorded. Comparison of shrinkage upon application of osmoticum with expansion upon replacement of osmoticum with normal growth medium indicates that expansion exceeds shrinkage and occurs at a more rapid rate (Fig. 5) .
DISCUSSION
Lentil roots immersed in solutions of low water potential exhibit osmotically induced shrinkage followed by resumption of growth. Even in solutions of relatively low external water potentials (-8.6 bars), growth quickly resumes at a rate equal to or greater than the rate of growth prior to the osmotic challenge. This adaptation to an osmotic challenge does not appear to be due simply to penetration of osmoticum since resumption of growth occurs within 20 min and the same phenomenon is observed using the nonpermeant solute PEG 4000. 
